The study evaluates budget deficit sustainability of Ghana between 1960 and 2010 using the present value budget constraint approach. By applying annual time series data, the ADF and PP tests for unit root rejected the null hypothesis at 1 percent significance level after first difference. Hence, both government expenditure and revenue of Ghana are stationary and integrated of order one. The Granger causality test supported a bi-directional causation such that both expenditure and revenue of Ghana have temporal precedence over each other. This means past and present values of government revenue provide important information to forecast future values of expenditure. The test for cointegration favored the sustainability of budget deficit of Ghana at 10 percent significance level in the strong sense. In this case, government can continue to service its past accumulated deficits without large future correction to the balance of income and expenditure. Again, the study achieved the conventional negative sign of the speed of adjustment to long run equilibrium following shocks to the system at 5 percent significance level.
Introduction
Budget deficit arises when the demand for government expenditure far exceeds government revenue that needs to be financed by net lending. For the economy of Ghana, there has been persistent tendency towards budget deficit since independence as a result of ever expanding government expenditure, inadequate revenue generation capacity of government and increasing debt levels [Pomeyie, 2001: 162] . For instance, the deficit-GDP of Ghana increased from 7.8 percent in 2005 to 8.1 percent in 2006 and 9.6 percent in 2007 and 14.5 percent in 2008 [IEA, 2008 . As the economy of Ghana grows, policy makers have been concerned with the extent to which the budget deficit is sustainable. For most years, government expenditure has exceeded government revenue in Ghana leading to deficits on the budget. Expenditure has been rising steadily due to increase demand for infrastructure and payment of interest on debt. For instance, total expenditure to GDP increased from 31.62 percent in 2005 to 33.71 percent in 2006 and 35.9 percent in 2007 [Bank of Ghana, 2007: 2] . Yet, it is important that the government of Ghana run some fiscal deficits in order to stimulate economic growth by building up enough capital stock. This would place the economy on its steady state growth path so that debt can be issued to cover the deficits and repaid in the future [Xiomara and Greenidge, 2003: 2-3] . Contrary, the various sources of Ghana's revenue have become highly inadequate due to narrow tax base, high rate of tax evasion and corruption in the revenue collection agencies. This has led to over spending by the government which tends to create deficit on the budget. For instance, total government revenue to GDP increased marginally from 23.87 percent in 2005 to 24.1 percent 2006 but declined to 23.6 percent in 2007 [Bank of Ghana, 2007] . The persistent deficit in Ghana means that the debt level and its servicing will continue to grow without limit unless constrained. This may lead to explosion of the debt-GDP ratio of Ghana due to higher interest payment such that large and costly adjustment must be made in future to correct the budget. In this regard, it is important to examine the problem of study.This study aims at evaluating the sustainability of budget deficit in Ghana between 1960 and 2010.
Literature Review

Government Budget Deficit
A deficit policy plays a vital role in assisting countries achieve macroeconomic stability, poverty reduction, income redistribution and sustainable growth. For this reason, most governments use the budget as effective tool in achieving their economic objectives. This means that large and accumulating budget deficit may not necessarily be a bad policy objective if such deficits are effectively utilized to enhance economic growth. It is in line with this that an appropriate operational definition and measure of budget deficit must be clearly stated. Otherwise, the occurrence of large nominal budget deficit may be misleading depending on the operational measure adopted by a particular country.
Causes and Determinants of Budget Deficit Growth
In general, changes in budget deficit is attributed to changes in government spending or tax revenue or both. Government receives revenue in its daily transactions and on capital items in the form of taxes and interests. On the other hand, government pays for daily activities and capital items such as administrative expenses, loans and grants. Thus, budget deficit increases when government spending persistently exceeds its revenue. If expenditure continue to mount up throughout the years whereas revenues especially taxes are poorly collected, it widens the budget deficit position of the country. In this case, the accumulated value of past deficit creates increase debts which must be financed together with the accompanying interest payments.
Influence of Revenue-Expenditure Relationship on Budget Deficit
A method of determining sustainable budget deficit is to check whether government revenue and expenditure are cointegrated. This implies that there may be significant long-term economic relationship between these two variables. There are four hypotheses that examine the influence of revenue and expenditure on budget deficit. The tax-spend hypothesis postulates that raising taxes in an attempt to reduce deficit also causes expenditure to rise. It means that government raises tax revenue ahead of engaging in new expenditure. Contrary, the spend-tax hypothesis predicts that government initially incurs expenditure and then increases tax revenue to finance the deficit.
Sustainability of Budget Deficit
A sound fiscal policy is mandatory for macroeconomic stability and sustainable growth which is a major goal of most emerging market countries such as Ghana. Yet, the size of budget deficit and ways of financing it determine the fiscal constraint of the country in the long term. In this sense, sustainable budget deficit becomes an important factor for which government authorities should pay particular attention [Kustepeli and Onel, 2004: 1-2] . The government's ability to borrow is constrained by the size of its permanent income just like an individual, even if it remains in authority infinitely. This implies that whatever debt it accumulates has to be repaid in the future.
Dimensions of Budget Deficit Sustainability
The controversies regarding conditions of intertemporal budget constraint and the shift to long-term horizon has expanded the way governments and international organizations think about budget deficit sustainability. Although it has retained its original meaning as a measure of the solvency of government, it has acquired several dimensions in relation to governments that have no difficulty in meeting present obligations. Current sustainability analysis focuses on fiscal conditions that may retard economic growth, increase tax burdens or transfer significant costs to future taxpayers. These dimensions reflect concerns that governments accumulate long-term liabilities that do not appear in current budgets but may disadvantage future generations when they are due [Díaz, Izquierdo and Ugo, 2004: 6] .
Determinants of Budget Deficit Growth
A model involving variation in inflation, government expenditure during wartime, cyclical fluctuation in output during economic boom and recession in the postwar period was tested if it differs significantly from those during the world wars in the Swiss federal state. The estimate showed some cyclical fluctuation in the world war periods. This supports the assertion that significant determinant of budget deficit is increase in state expenditure during wartime. In this case, civilian expenditure was reduced and/or taxes increased to finance military expenditure during the war [Gebhard and Silika, 2006: 18-21] . In Ghana, changes in inflation, interest rate and real GDP have reacted negatively to changes in budget deficit. For instance, high inflation in 1983 caused budget deficit to increase by 35.8 percent due to decline in direct tax revenue. Also, changes in real interest rate increased budget deficit by 11.3 percent of GDP in 1984. Again, high wage bill increased the deficit by 2.5 percent in 1985. Thus, changes in macroeconomic variables have had strong impact on the fiscal deficit in Ghana. However, these effects have become less pronounced over the past years as the Ghanaian economy has grown more stable [Wetzel and Roumeen, 1991: 48] .
Effects of Budget Deficit Growth and Economic Sustainability
Financing of budget deficit in Ghana have had diverse macroeconomic burden on the economy. Central bank financing for instance, have expanded the monetary base and money supply. According to Wetzel and Roumeen [1991: 48] , it distorted the distinction between monetary and fiscal policies whereas the sale of domestic bond increased interest rate. This led to increase in the net domestic financing from 0.49 percent of GDP in 2004 to 4.15 percent in 2006. As a result, money supply (currency and deposits) increased from 6.84 percent in 2005 to 34.4 percent in 2006. However, domestic interest and bank rate reduced due to low demand for bonds [ISSER, 2007: 30, 60, 65] . Also, Ghana has accumulated large external debt and so borrow externally only on short term bases at high interest rate. This is because foreign financing raises the cost of servicing external debt. For this reason, Ghana's access to external borrowing prior to 1984 had been limited, ranging between -0.74 and 1.62 percent of GDP. In recent times however, debt levels have been falling. External debt fell from 72.5 percent in 2004 to 26.9 percent in 2006 with debt service to GDP reducing from 6.8 percent in 2004 to 6.0 percent in 2006. [Wetzel and Roumeen, 1991: 48; ISSER, 2007: 50, 101] .
Methodology
Variables of the Study
The main variables employed in the study include government revenue, government expenditure and real gross domestic product (GDP). 1) Government revenue includes all amounts of money or income received from sources outside the government entity. This includes taxes, loan repayments, direct income, interests and grants obtained locally and externally.
2) Government expenditure involves spending by government authorities on goods and services. This includes spending on road maintenance, health, administration and security. It also includes subsidies, grants and debt servicing.
3) Real gross domestic product is the measure of changes in physical output in an economy between different time periods by valuing all goods and services at the same constant price. Thus, it measures the value of final goods and services produced in a given year when valued at constant prices [Parkin and Bade, 2003 ].
These variables are relevant to the study because changes in government spending or revenue create changes in fiscal deficits. For instance, rapid increase in government expenditure coupled with shortfalls in tax revenue will persistently create budget deficit.
Model Specification, Estimation and Tests
This study adopts the present value budget constraint model used by Kustepeli and Onel [2004: 7-8 ] in specifying a model for budget deficit sustainability of Ghana. It is the most commonly used model in the study of budget deficit sustainability base on intertemporal budget constraint (IBC) of government [Gebhard and Silika, 2006: 5] . The model begins with government budget constraint expressed as follows:
Where money finance
is assumed to be negligible and t B is stock of government debt, t R is government revenue t G is government expenditure excluding interest payments and t r is real interest rate. The expression shows that the public sector finances its fiscal deficit through borrowing. Hence, it indicates the sources and uses of public sector funds. It is therefore suitable for this study since Ghana finances its fiscal deficits mainly through borrowing [ISSER, 1994: 30] .
Equation 1 is then solved recursively by including subsequent and infinite periods. This generates the present value budget constraint (PVBC) expressed as follows: Yet, intertemporal sustainability requires that the no Ponzi game (NPG) condition holds.
Therefore, the PVBC is reduced to NPG condition represented in equation 3;
This means that present discounted value of all future debt balances must sum up to zero because if lenders behave optimally and rationally, government must pay off its debt at some point in time. Thus, government cannot continue to roll over its debt perpetually into the future since lenders are rational.
In this study, we test the cointegration between government revenue ( t R ) and government expenditure ( t G ) in the following testable regression function:
Where α is a constant which shows the degree of drift in the parameters, t  is the error term whilst β, shows the extent to which changes in government expenditure affects the value of government revenue [Bajo-Rubio, Díaz-Roldán and Esteve, 2005: 2-4]
Data Sources
The study employed annual time series data on government revenue-GDP and government expenditure-GDP of Ghana for the period 1960 to 2010. The data was obtained from World Bank development indicators' CD-ROM and the state of the Ghanaian economy.
Data Analysis
In order to determine the causal link between government expenditure-GDP and revenue-GDP series of Ghana, we apply the Granger causality test as stated in the following expression below: In applying the Engle-Granger test, the long run cointegration relation between government expenditure-GDP and government revenue-GDP series of Ghana is estimated by using OLS method. This is expressed in the following testable function:
Where variables are as defined. In this case, the hypothesis to be tested in support of the objective of this study is stated as follows:
0 : H Government revenue and expenditure are not cointegrated. For the budget deficit of Ghana, the following hypothesis is tested to establish the statistical significance of the cointegrating vector:
0 :
Also, the short-run relationship between government expenditure and revenue of Ghana is estimated by using error correction model (VECM). The model uses the first difference of the variables. For Ghana, the testable function is specified as follow:
Where ∆ is the first-order time difference, ∆ECT is the first difference of the error correction term and α is the intercept. t  is the error term with zero mean whilst δ is the coefficient of the period change in government revenue which tends to capture the short-term effects. Also, φ is the coefficient of the error correction term which incorporates feedback in the relationship between government revenue and expenditure
For the budget deficit of Ghana, the study tests whether there is heteroscedasticity based on the following hypothesis:
0 : H There is no heteroscedasticity.
: H
There is heteroscedasticity.
In the case of Ghana, the hypothesis test is conducted by employing the white heteroscedasticity test.
For efficiency of the estimates, the study also tests for autocorrelation since the classical linear regression model assumes the existence of no autocorrelation in the disturbance term. This is important because, in the absence of the assumption, the OLS estimator may no longer have minimum variance among all linear unbiased estimators.
In this case, the estimates may not be as efficient as other linear unbiased estimators and that the t, F and 2  tests may give misleading conclusions [Gujarati, 2004: 442] .
In testing for autocorrelation, the following hypothesis is stated:
0 : H There is no autocorrelation in the disturbance term.
1 H : There is autocorrelation in the disturbance term.
Empirical Results
Overview
The most common practice, among the set of methods to evaluate budget deficit sustainability, is to investigate past fiscal data to establish if there is cointegration between government revenue and expenditure. For the economy of Ghana, we perform the econometric analysis by using the OLS estimator. Table 1 shows the results of the test statistics for both ADF and PP of government revenue-GDP and government expenditure-GDP series of Ghana in respect of the study period. The variables have been tested, with and without trend, in their log levels as per Panel A and first differences as per Panel B. Table 1 panel A indicates that the results of ADF and PP tests do not allow for rejection of the null hypothesis of non-stationarity for the log levels of government expenditure-GDP series (ln EXG) and government revenue-GDP series (ln REVG). This occurred both for the test with trend and the constant without trend.
Stationary and Unit Root Test
In this case, the test show that both government expenditure-GDP series and revenue-GDP series of Ghana supports the null hypothesis when ADF and PP tests are used. This means that government expenditure and revenue of Ghana are non-stationary in their log levels. However, many time series data need to be appropriately www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 5, No. 3; differenced in order to achieve stationarity [Dolado, Jesús and Marmol, 1999: 3] . As a result, we proceed to test and confirm the stationarity of these variables after their first difference. The unit root test on the variables in their first difference produced estimates that show a reverse situation compared to the estimates in the log levels. Table 1 panel B shows the test for first differences of government expenditure-GDP series (∆lnEXG) and government revenue-GDP series (∆lnREVG) of Ghana. From the estimation, both tests reject the null hypothesis of non-stationarity of the variables after first differencing. This is possible even at 1 percent level of significance for both ADF and PP tests with trend and without trend.This leaves no controversy in terms of both ADF and PP tests in achieving stationarity after first difference of government expenditure-GDP and government revenue-GDP series. In this case, the estimation show that government expenditure-GDP and revenue-GDP series favour the existence of unit root in the log levels, but indicate stationarity after first differencing. Hence, we conclude that both government expenditure and revenue of Ghana are stationary and integrated of order one. Yet, before estimating the cointegration relation between the variables, we proceed to find the causal link between these variables.
Granger Causality Test
The result of the Granger causality test is represented in table 2. 
Cointegration Tests
Long-Run Relationship between Government Expenditure and Revenue
The results from the estimation are presented in tables 3 and 4.
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The estimation of the long-run cointegration relationship between government expenditure-GDP and revenue-GDP series of Ghana shows that both variables are statistically significant at 1 percent level. In this case, both variables depend on each other. We therefore proceed to test the statistical significance of the cointegration coefficients.
In a second step to the Engle-Granger procedure, the estimated cointegration relationship between government revenue-GDP and expenditure-GDP series is used to generate residual errors. The generated residuals are then subject to the test for unit roots. Within this procedure, the error term represents the deviation of government expenditure and revenue from their long-run equilibrium relationship. Rejecting the null hypothesis of the presence of unit root in the residuals implies rejection of the null hypothesis of no cointegration. The test result is represented in table 5: The estimations in table 5 show that the test for unit root in the residuals of Ghana's budget deficit fails to accept the null hypothesis at 5 percent significance level. Both the ADF and PP tests reject the null hypothesis at 5 percent significance level for stationarity of the residuals. It thus, assumes the presence of cointegration in the residuals of government revenue-GDP and expenditure-GDP series of Ghana when there is trend in the variables. On the other hand, when no trend in the variables is considered, ADF and PP tests reject the null hypothesis of no stationarity at 1 percent significance level. Therefore, it can Ghana's budget deficit is rejected at 5 percent www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 5, No. 3; significance level. This result is achieved after testing the residuals in their levels. With this firm result of stationarity and cointegration of the variables at their levels, it does not therefore call for further tests of the variables at their first difference. By this conclusion, it means that the budget deficit and hence government revenue and expenditure of Ghana are cointegrated. According to the results obtained, we fail to reject the null hypothesis at 10 percent significance level where government expenditure-GDP series depends on government revenue-GDP series[ln
. It is therefore concluded that the coefficient of lnREVG (β =0.991195) is statistically not different from one at 10 percent level of significance. For this reason, Ghana's budget deficit is said to be sustainable in the strong sense. In this case, it means that the series of government expenditure and revenue move together in the long run and that the coefficient of government revenue is statistically equal to or not different from one.
However, when government revenue-GDP series is dependent on expenditure-GDP series[ln
, it rejects the null hypothesis and concludes that β is statistically different from one. This indicates that the budget deficit of Ghana will explode over the long run. Hence, it is not possible for government to continue experiencing stable debt-to-GDP ratio indefinitely in the long run [Xiomara and Greenidge, 2003: 2-4] . For this reason, government cannot continue to service its debt which accumulates from budget deficit without large future correction to the balance of income and expenditure. Thus, the revenue capacity of government will not be able to support government expenditure in the long run. This may call for large fiscal adjustments.
From the preceding analysis, it shows that the study have satisfied both sufficient and necessary conditions and, therefore concludes that government expenditure-GDP series of Ghana depends on government revenue-GDP series for the period 1960 to 2010. It is therefore important to find out the extent of adjustment of disequilibrium between government expenditure-GDP series and government revenue-GDP series of Ghana within the study period.
Estimation of the Short-Run Dynamic Model
The vector error correction model (VECM) of Engle-Granger is then used to estimate the short-run dynamic relationship between government expenditure and revenue of Ghana.
The results of the short-run model of the relationship between government revenue-GDP and government expenditure-GDP is presented in Table 7 . Note: ** denotes rejection of the null hypothesis at 5 percent significance level.
In the case of Ghana, the coefficient of the error correction term achieved the conventional negative sign. It is also statistically significant at 5 percent, which further confirms the long run cointegration relationship between www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 5, No. 3; the variables. This means that there exists a long-run cointegration relationship between government expenditure and revenue of Ghana. The implication is that in the long run when budget deficit, at any given time t, exceeds that of the previous period ( 1 t  ) for which 1 t EXG  is greater than 1 t REVG  because  is less than zero, the error correction term works to push government expenditure back towards equilibrium. This long term stability however, does not rule out the possibility of Ghana running short-term budget deficits as argued by Carneiro et al [2005: 113-114] . Also, with an estimated coefficient of -0.53, it indicates that approximately 53 percent of disequilibrium generated is restored every year following shocks to the system. In the case of Ghana therefore, the speed of adjustment parameter is relatively large with the right negative sign, indicating that there is a greater rate of convergence toward equilibrium. By this finding, it is concluded that any disequilibrium within the budget deficit of Ghana in the short run is quickly adjusted and converged back to equilibrium in the long run. Hence, the model combines flexibility in dynamic specification with desirable long-run properties.
Discussion
From the analysis, it shows that the OLS estimate is linear, unbiased and normally distributed. However, it is important to test for heteroscedasticity and autocorrelation since the estimate may no longer be efficient. In testing for heteroscedasticity, the estimate indicates that the number of observations multiplied by R-square (n.R²) gives a value of 1.539232 at a probability of 0.463191.
For all practical purposes, the study does not reject the null hypothesis. It is therefore, concluded that there is no heteroscedasticity in government expenditure-GDP and revenue-GDP series of Ghana over the study period. This means that the assumption of equal variance of the disturbance term hold for government expenditure and revenue of Ghana between 1960 and 2010.
The test for autocorrelation, in respect of Ghana, produces a Durbin-Watson statistic of 1.895125. This means that the test for autocorrelation of Ghana's budget deficit fails to reject the null hypothesis of no autocorrelation. Thus, government expenditure and revenue exhibit no autocorrelation and hence the budget deficit of Ghana exhibits minimum variance in the disturbance term. This makes it efficient in arriving at better conclusions.
Based on the estimation and analysis, the long-run cointegration relationship of Ghana shows that government expenditure-GDP series is dependent on government revenue-GDP series for the period between 1960 and 2010. The estimate in this case produces a long-run cointegration coefficient for government revenue-GDP series (β) of 0.991195. This indicates that the long-run coefficient of Ghana's budget is statistically significant at 1 percent level. The estimated value of β being less than one means that anytime government revenue changes by 1 unit on the average, it leads to a corresponding change of 0.99 units in government expenditure of Ghana. By this finding, it indicates that the relationship is characterized by persistently higher government spending relative to revenues but spending and revenue share a long-run equilibrium relationship.
In addition, the estimate of the long-run cointegration relationship of Ghana's budget deficit indicates an R-squared value of 0.808968 and adjusted R-squared of 0.804815. This means that approximately 80 percent of the variations in government expenditure of Ghana are explained by variations in government revenue. The estimates have been obtained with F-statistic of 194.7976 at a probability of 0.0000. This rejects the null hypothesis and confirms the long run cointegration relationship between government expenditure and revenue of Ghana between 1960 and 2010. This fulfills the intertemporal budget constraint of government which imposes restriction on the long run relationship between expenditure and revenue such that government runs some surpluses in the future to offset prevailing deficits. The restriction allows government to rule out Ponzi scheme where new issues of debt must necessarily be made to finance deficits. This gives government the ability to raise the necessary funds either by balancing its budget in present value terms or borrowing temporarily to be able to service its debt [Kustepeli and Onel, 2004: 2-3] .
Conclusion
The study sought to evaluate the sustainability of budget deficit in Ghana between 1960 and 2010. The estimation uses operational budget deficit due to the inclusion of real interest payment in primary deficit. This is a good choice since interest payment ultimately limits the deficit finance through growth of accumulated debt. Sustainability analysis requires government to be able to service its debts without large future correction to the budget. This would avoid rolling over initial debts with the interest forever. The unit root tests favoured the stationarity of the variables at 1 percent significance level after first differencing. This means government expenditure and revenue are integrated of order one process. Also, a Granger causality test supported the existence of bi-directional causality between the variables. Hence, past and present values of government revenue provide important information to forecast future values of expenditure. The Engle-Granger cointegration test achieved a cointegration vector of 0.991195 at 1 percent level of significance indicating long run cointegration relationship between government expenditure and revenue. It shows that approximately 80 percent of variations in government expenditure of Ghana are explained by variations in government revenue. The linear restriction test showed that is statistically not different from β one at 10 percent Significance level. This indicates sustainability of budget deficit in the strong sense. Also, the error correction model achieved the conventional negative sign at 5 percent significance level. This indicates that approximately 53 percent of disequilibrium is restored every year following shock to the system. This is relatively large indicating greater rate of convergence toward equilibrium. The diagnostic tests showed that government expenditure and revenue of Ghana exhibits no heteroscedasticity and autocorrelation. Also, a normality test based on Jarque-Bera supported the normality assumption. It is recommended that efforts should be made to consistently increase government revenue as revenue and expenditure must be stationary and integrated of the same order. Since reduction in government expenditure is not plausible, the tax net of Ghana should be expanded to capture all "taxable" individuals and firms. This would ensure that expenditure do not move too far away from revenue. Any policy to increase expenditure in Ghana should consider past and present values of government revenue. This is because expenditure and revenue take temporal precedence over each other.
